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0 Surface modified drug nanopartlcles. 



© Dispersibte particles consisting essentially of a crystalline dmg substance having a surface modifier 

aadsortwd on the surface ttiereof in an amount sufficient to maintain an effective average particle size of less ttian 
about 400 nm. methods for the preparation of such particles and dispersions containing the particles. Phar- 
maceutical compositions containing the particles exhibit unexpected bioavailabiJity and are useful in methods of 
O treating mammals. 
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TST if!! '^''^ preparation thereof and dispersion, containio, 

Bioavailability is^e degrwMarwWcft »<*^M>ecQm«.Jwi»att•to^^ 't»«etteM» alto adnMatraten 
-5 »^y/actor, can affect l«»vaiJatxBy indutfng 

rate of the dn^g. Poor bioavailability significamp^encountered^ 

tical composrtions. particularly those containing an active ingredient that is po^i^^i^^^^ 
water soluble drugs, i.e.. those having a soluttHy less than lout 10 rngJ^ toWnS^J^ 
gastrointestinal tract before being absorbed into the circulation. MoreXpo^ ^J^^SS^t^ 

Nis knom, tha the rate of dissolution of a particulate dnig can increase with increasing surface area. 
'H^? T 0' "'^«9 finely divided dnig, have bSn sh^^ 

« f1 ? T' , ^'"l* """^ the size and size range of drug particles in phSiaceutical c^^S^ 
? ««^P'f: *y '""""9 techniques have been used to reduce particle sizTaiS^oT^^-ZSSX 
^ " "^^^ *y """"HJ. « discussed by Uchman et al. n» Thecry and PracU^ 

Of ^austrlal Pharmacy. Chapter 2. 'Mining', p. 45. (1988). the fimlt of fineSeii .s reached^ me 
100 miaons (100.000 nm) when material cakes on the milling chamber. l3chm^al noS wj 
gnnd|ng ,s beneficial In further reduang particle size, but that flocculation restricts Ihelw^ partlcte ^ 
nn.t to approx-mately 10 microns (10.000 nm). However, there tends to be a bias In the ZnScafS 
against wet milling due to concerns associated with contamination. Commercial airjet mffing techniquS 
have provided particles ranging in average particle size from as low as about 1 to 50 urn MOOO - 50 OM 
nm). However, such dry milling techniques can cause unacceptable levels of dust 

Other techniques for preparing phannaceutical compositions include kiading dnigs into Sposomes or 
^'^Zl^'.l'!^ Tm"? P^y":^*^"- ^ t«*"i<^"es have problems and^tions. 

Z^^^ 11^"°^^ '^"^ " '^^"9 «P05omes. Further, unacceptably 

^ge amourits of the liposome or polymer are often required to prepare unit dnjg doses. Further^D 
techniques for preparing such pharmaceutical compositions tend to be complex. A principal technfcai 
difficulty enwuntered with emulsion polymerization Is the removal of contaminants. ^STm un^Sd 
monomer or initiator, which can be toxic, at the end of the manufacturing process "nreactea 
U. S. Patent 4.540,602 (Motoyama et_al) disch)ses a solid dnjg pulverized in an aqueous solution of a 
water-soluble hjgh molecular substance using a wet grinding machine. Motoyama et J^»^Trl^ 
i fl^S^"^"^' '"^ '"^ -^"^ «vlded partteles ranging from"^ um (SCO nm) orS 
to 5 um (5.000 nm) in dameter. However, there is no suggestion that particles having an average 
«^e Of less than ^ut 400 nm can be obtained. Attempt, to repnxluce the wet grimfi^ pr^iSSS 
by »^toyama «al resulted in particles having an average partkrie size much greater thai UuT 

EPO 275.796 describes the productton of coltoklaJly dispersible systems comprising a substance in the 
form Of sphencal particles smalter than 500 nm. However, the method Imrolves a^edpitatiweffSt^ bl 
moang a ^lirtion of the substance and a misdbte non-solvent tor the substance and msdteTttw 
of «xi<rystalline nanopartfcles. F=urthennore. precipitation techniques tor preparing partfcies lend to provide 
partK:les contaminated with soK«nt,. Such solvents are often toxte S^S^Sta.ft.TS 
impossible, to adequately remove to phamiaceutically acceptable levels to be practKai 

U. S Patent 4.107.288 describes particles in the size range from 10 to 1.000 nm containing a 
bwtogically or pham«codynamically aclh« material. However, the particles comprise a aossSnked matS i 
macromotecules having the act^e material supported on or incorporated into the matrix. 

ft would be d^rable.to provide stable dispersibto dn>g partk:les in the submicron size range whfch can 
t^l T'T «^ "^f *> "«« Weciabfy flocculate or aggtomerate due to inter^ atS^ 
^ * • crossnnked matrix. Moreover. It wouU be wSS^SSte^ 

provide pharmaceutical composittons having enhanced bioavailability wwraoie v 

We have disoivered stable, dispersible dnjg nanoparticles and a method tor preparing such particles 
by wet mHling ,n tfie presence of grinding media in conjunction with a surtice modifiVZSslai S 
fonnulated into phamtaceutk^l compositkNis exhibiting remaritably high bioavailabiCty 

a ^^TTT^'t^T^ *^ ""^i^*^ «s««ial1y of 

aoyste^hne drug substance havmg a surface modifier adsort»d on the surface fterwTin an amount 

suffiaent to maintain an effective average partfcle size of less than about 400 nm 

This invention also provides a stabto dispersion consisting essentially of a nquM disperskm medium and 

the above-described partfcies dispersed therein. -hu" uopwswn meoium ana 

In another embodiment of the imwntkxi. there is provktod a method of preparing the aboveKtescribed 
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particles compf.s.ng me steps of dispersing a drug substance in a liquid dispersion medium and applyina 
mectianical means in me presence of grinding media to reduce the particie size of the drug su^^ 
effective average particle size of less than atxxjt 400 nm. The partides can be reduced in size in «» 
presence of a surface iw>difier..A«an«tively;,the^p«tide* cao be contacted. .iar*«rt«» niodiflecaftr 

attrition. _ ^•-•■vr;v"v- -j. i'=i-::--:;;c,:;l. J-, ' . . 

In a particularly vahiabla-and-impbrtant enibodiment of me invention', m^ ls'^rovided a phannawuticaf 
ojmpositiofl comprising the abovoKlescribed particles and a pharmaceutically acceptable carrier therefor 
Such pharmaceutical composition is useful In a memod of treating mammals. 

It is an advantageous feature that a wide variety of surface modified drug nanopartlcles free of 
unacceptable contamination can be prepared in accordance wi* mis invention. 

It is anomer advantageous feature of mis invention that there is provided a simple and convenient 
memod for preparing drug nanopartlcles by wet milling in conjunction wim a surface modifier, which does 
not resuH In unacceptable levels of dust as do conventional dry milling techniques. 

Another particularly advantageous feature of this invention is that phamiaceutical compositions are 
provided exhibiting unexpectedly high bioavailability. 

SliB another advantageous feature of this invention is that phamiaceutical compositions containing 
poorly water soluble drug substances are provided which are suitable for intravenous administration 
techniques. 

TOs invention is based partly on the discovery that drug particles having an extremely small effective 
average particle size can be prepared by wet milling in the presence of grinding media in conjunction wim a 
surface modifier, and that such particles are stable and do not appreciably flocculate or agglomerate due to 
interparticle attractive forcM and can be formulated into pharmaceuticai compositions exhibiting unexpect- 
edly high bioavailability. While the invention is described herein primarily in connection wim its preferred 
utiity. i.e.. wim respect to nanoparticulate drug substances for use in pharmaceutical compositions, it is also 
believed to be useful in other applications such as the formulation of particulate cosmetic compositions and 
me preparation of particulate dispersions for use In image and magnetic recording elements. 

The particles of mis invention comprise a dmg substance. The drug substance exists as a discrete 
crystalHne phase. The crystalline phase differs from a non^rystalHne or amorphous phase which results 
from predpitation techniques, such as described in EPO 275.796 cited above. 

The invention can be practised wim a wide variety of dmg substances. The drug substance preferably 
IS an organic substance present in an essentially pure fomi. The dmg substance must be poorty soluble 
and dispersible in at least one liquid medium. By "pooriy soluble' it is meant mat the dnig substance has a 
solubility in the liquid dispersion medium. e.g. water, of less than about 10 mg/ml. and preferably of less 
man about 1 mg/ml at processing temperature. e.g.. room temperature. A prefen-ed Rquid dispersion 
medium is water. However, the invention can be practised wim other liquid media hi which a drug 
subst a nce i s poorly soluble and riispnrsihlft in cl udin g, f o r exam p l e, aq u eous-s alt so l utions , safftowor o i l and 

eAtuA«%4« ••■^ki* MA A*l«M«Ukl ^^^^^^^ ^ _t ■ «• ..... 



soJvents sudi as ethanoJ. t-botanol. hexane and gJycol. The pH of the aqueous dispersion media can be 
adjusted by techniques known in the art 

Suitable drug substances can be selected from a variety of known classes of dnigs including, for 
example, analgesics. antHnfiammatory agents, anthelmintics, anti-arrhythmic agents, antibiotics (including 
peniciinns). anticoagulants, antidepressants, antidiabetic agents, antiepileptics. antihistamines, antihyperten- 
sive agents, antimuscarinic agents, antimycobacterial agents, antineoplastic agents, immunosuppressants 
antithyroid agents, antiviral agents, anxiolytic sedatives (hypnotics and neuroleptics), astringents, beta-' 
adrenoceptor blocking agents, btood products and substitutes, cardiac inotropfc agents, contrast media, 
corticosteroids, cough suppressants (expectorants and mucolytk:8). diagnostk: agents, diagnostic imaging 
agents, diuretfcs. dopaminergics (antiparkinsonian agents), haemostatics, immunotogical agents, lipid regu- 
lating agents, muscle relaxants, parasympathomimetics, parathyroid cafc:itonin and Wphosphonates. pros- 
taglandins, racfio-pharmaceuticals. sex hormones (including sterokJs), anti-allergic agents, stimulants and 
anoretics, sympathomimetics, thyrokJ agents, vasodilators and xanthines. Prefened dnjg substances include 
those intended for oral administration and intravenous administration. A description of these classes of 
dnjgs and a Bsting of species wittiin each dass can be found in Martindale. The Extra Pharmacopoeia, 
Twentyniinth Edition. The Pharmaceutical Press, London. 1989. The drug substances are commercially 
available and/or can be prepared by techniques known In ttw art. 

Representative illustrative species of dnjg substances useful in the practice of this Invention include: 
l7-a-pregno-2,4-dien-20-yno-(2,3-dl-isoxa«)*-17-ol (Oanazol); 
5o.17a,-r-(m^ylsulfonyl)-rHi)regn-2()-yno 13.2<h pyrazoH/^ (Steroid A); 

(6-methoxy-4H1-methylethyf)3^xo-1,2-ben2isothiazol-2(3Hhyl]m thyt 2.&-dk:hk)roben2oato l.l-dtoxide (WIN 
63.394); 
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3-aminb-l^,4-t)enzotriazine-1.4-<fioxide (WIN 59.075); 

pipoaulfam: piposulfan; camptomedn; ac8tominotrf4o: acetylsalicyfic add: amjodarone- cftolestvramine- 
cotestpol: cromolyn «xlium: altx.te««; s-craifate: ,««asaiazi«2;: mi^Ldil; ternj^SHSr^STZ^: 

Stri' ^^o^^' "''^ indcmethadn; dk:l6fenac;l«toprofen: flubijxcfeflr dfflunisal:^ 
emyl-3.5^iac8toamKJo-2.4.6-ti1io(lot>efla5ate (VWN 8883); 

ethyl-(3.5-bis(acetylamino)-2.4.6-trii«Job«uoy1<wy)acetate (WIN 12.901); and 

ethyh2-{3.5H)is(acetylamino)-2.4.6-triiodot)enwyk)xy)ae8taie (WIN 18318) 

A JH ^T'^ embodiments ol ttie invertion. the drug sut»stance is a steroid such as Oanazol or Steroid 
d'^ag" r:^.S^e " '^""-'"^ ^^"^ ^ -«"-p^ a r«r«pharn«cau.cai or , 

, « °* 5"' * '^^^^ phase of a drug sut>staiic8 as described above havirra 

,5 ih^^ '"'IJlf^.'^ «^''«8 modifier, are befieved to iSJe mS2 

'S which physnaJly adhere to the surface of the drug substance but do not chemically borxl to the dr!« 

« c'!!!!*^ """^^^ ^^^^"^ ^ l^'*" °^9anic and inorganic pharmLuBcal 

surfactants. Prefen^ surface modifiers include nonionic and anionic surfactaSTpepresentatSTeSmpto 
of exc|p,ents .ndude gelatin, casein, lecithin (phosphatides), gum acada. dwiesterol. tragacanth. stwS 
acd benzalkonium dilorWe. caldum stearate. glyceryl mooostearate. cetostearyl ateoJwTStoLcrtS 
emulsrfying wax sorbitan ester,, polyoxyethylene alkyi ethers. e.g.. macrogol ethers such as cetomaooS 
1000. polyoxyethylene castor oil derivatives, polyoxyethylene sorbitan fatly add esters. e.g.. the commer. 
ci^hr avajteble Tweens"- . polyethylene glycols, polyoxyethylene stearates. collddol silicon dioxide 
l^fT'."^'"'" «!«*«=y'5"'^«"rtx>xymethylcellulose caldum. carboxymethylcellulose sodium, methylcel- 
lulose. hydroxyethylcellulose. hydroxypropylcellulose. hydroxypropylmethylcellutose phthalate. noncrystaJ- 
Th** magnesium aluminum silicate, triethanolamine. polyvinyl aicohd (PVA). and polyvinylpyr- 

rolidone (PVR). Most of these excipients are described in detail in the Hanabo<* cf Phw^^ 
^cjpients. published jointly by the American Pharmaceutical Assodation and The Phamwceutfcal Sodetv 
Of Great Bmain. the Phamiaceutieal Press. 1986. The surface modifiers are commerdally available an^ 
Sljb^atto! techniques known in the art Two or more surface modifiers can be used in 

PiurJ^S* ~'*iL'^^'^n«*"^"^'*'*' polyvinylpyrrolidooe. tyloxapoi. polaxomers .such as 

f?„ni«c "^S *^ ^ copolymer, of ethylene oxide and propylene oxide Citable 

« i f • «-* ^ Tetronfc"- 908 (T908). whid, is a telrafunSnal btodc cJoJZ 

i^^^fJ^T. °' ^ ^'^^^ to ethylenediamine avaiteble Zm 

BASF, dexfran. lecrthin. Aerosol OT™. whfeh is a dioctyl ester of sodium sulfosucdnic acid, available from 
American Cyanamid. Duponol™ P. which is a sodium lauryl sulfate, available from OuPom. Triton™ X-200 
whtdi IS an aikyi aryl polyether sulfonate, available from Rohm and Haas. Tween 20 and Tween 80 whidi 
are f^yoxyethylene sorbitan fatty add esters, available from ICI Spedalty Chemicals. Caibowax™ 3350 
'*'^ch are polyethylene glycols available from Union Carbide. Crode«a'- F-llO. whidi is a 
mocftjre of sucrose stearate and sucrose distearate. available from Croda bw, Crodesta SL-40. whidi is 

ZS^^K^;*^.'~-:."1i^"^°* ^ CuH„^:Hi(CON(CH,)CH.(CHOHVCH,OH)^. Su^ 

i which have found to be particularly useful indude polyvjnylpyrrolidone. Plurortc F<8. and led^ 

« " *' of the dnjg substance in an amount suftident to 

r .K*" '"^^ P**^ s'»<»'les3thanabout40anm. The «nface modlfiTd^rnS 

dwmically rMct with the- dnig substance or itself. Furthermore, the individually ad^xbed molecules of the 
surface modifier are essentially free of intermolecular crosslinkages. 

As Osed herein, partde size refer, to a number average partide size as measured by conventional 

JrST? ^?!!^^?^ spectroscopy, or disk centrifugation. By 'an effective average partide size 

jLt^J^JSl™" above^ted tedu,iques. In preferred embSrSSlf the 

^^'^J^ """^ particle Size i, less than about 250 nm. in some embodiment, of the 

""^^ " P'***^ "hat at lea« 95% and. more preferably, at leaA 99% of the 

partctes have a particle size less than the effed^e average, e.g. 400 nm. rjartcularly preSS 

^'T^' f*^"*^ °* have a «ze less than 400 nm. In STembiSwS^ 

essentially an of th particle, have a size less than 250 nm. wnw emooaimems. 
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The particles of this invention can be prepared in a method comprising the steps of dispersing a drug 
sutwtance in a fiquid dispersion medium and applying mechanical means in the presence of grinding media 
to reduce the partide size of the dn^g sutistanca to an effective' average partide size of less than d)out 400 
nm. The particies can btfrdftced ft tAii in^ preserKe of a siirtace modifier. Aftemathrefy. Oie partides 
can t)e contacted with a surfada mddifl^ after attrrtioft ^ - 

A generai procedure for preparing the particles of this invention is set forth betow. The dnjg substance 
selected is obtained commerdally and/or prepared by techniques known in the art in a conventional coarse 
form. It IS preferred, but not essential, that the particle size of the coarse dnjg substance selected be less 
than about 100 um as detennined by sieve analysis. If the coarse partide size of the drug substance is 
greater than about 100 um, then it is preferred that the particles of the do^ substance be reduced in size 
to less than 100 um using a conventional milling method such as airjet or fragmentation milling. 

The coarse dnjg substance selected can then be added to a fiquid medium in which it is essentially 
insoluble to forni a premix. The concentration of the drug substance in the liquid medium can vary from 
about 0.1 - .60%. and preferably is from 5 - 30% (w/W). n is preferred, but not essential, that the surface 
modifier be present in the premix. The concentration of the surface modifier can vary from about 0 1 to 
about 90%, and preferably is 1 - 75%. more preferably 20-60%. by weight based on the total combined 
weight of the dmg substance and surface modifier. The apparent viscosity of the premix suspension is 
preferably less than about 1000 centipoise 

The premix can be used directfy by subjecting it to mechanical means to reduce tt)e average particle 
30 size in the dispersion to less ttian 400 nm. It is preferred that the premix be used directfy when a ball mill is 
used for attrition, Attematively, ttie dnjg substance and. optionally, the surface modifier, can be dispersed in 
the Oquid medium using suitable agitation, e.g.. a roller mill or a Cowles type mixer, until a homogeneous 
dispersion is obsen/ed in which there are no large agglomerates visible to the naked eye. It is preferred that 
the premix be subjeded to such a premilfing dispersion step when a redrculating media mill is used for 
25 attrition. 

The mechanical means applied to reduce ttie partide size of the dnjg substance convenientiy can take 
the form of a dispersion mill. Suitable dispersion mills include a ball mill, an attritor mill, a vibratory mill, and 
media mills such as a sand mill and a bead mill. A media mill is preferred due to the relatively shorter 
milling time required to provide the intended result, i.e.. the desired reduction in partide size. For media 
30 milling, the apparent viscosity of ttie premix preferably is from about 100 to about 1000 centipoise. For bail 
milling, the apparent viscosity of ttie premix preferably is from about 1 up to about 100 centipoise. Such 
ranges tend to afford an optimal balance between efficient partide fragmentation and media erosion. 

The grinding media fa the partide size reduction step can be selected from rigkJ media preferably 
spherical or particulate in fonn having an average size less than about 3 mm and. more preferably, less 
35 ttian about 1 mm. Such media desirably can provide the particles of ttie Invention witti shorter proc^ng 

tigiQ S afid impart less wear to tha milling Aq^fipmf^pt Th e ^effhrtfon of m aterial for ttie g ri nding media m not 

believed to be critical. We have found ttwt zirconium oxide, such as 95% ZrO stabilized witti magnesia, 
zirconium sificate. and glass grinding media provide partides having levels of contamination which are 
believed to be acceptable for ttie preparation of phamiaceutical compositions. However, ottier media, such 
^ as stainless steel, titania. alwnina. and 95% ZrO stabilized witti yttrium, are expected to be useful. Preferred 
media have a density greater ttian about 3 g/cm^. 

The attrition tinw can vary widely and depends primarily upon ttie particular mechanical means and 
processing conditions selected. For ball mills, processing times of up to five days or tonger may be 
required. On ttie ottier hand, processing times of less ttian 1 day (residence times of one minute up to 

49 several hours) have provided ttie desired results using a high shear media mill. 

The particles must be reduced in size at a temperature which does not significantty degrade ttie dnig 
substance. Processing temperatures of less than about 30 - 40^ are ordinarily preferred. If desired, ttie 
processing equipment can be cooled witti conventional coding equipment The mettiod is convenientiy 
carried out under conditions of ambient temperature and at processing pressures which are safe and 

50 effective for ttie milDng process. For example, ambient processing pressures are typical of ball mills, attritor 
mills and vibratory mills. Processing pressures up to about 20 psi (1.4 kg/cm*) are typical of media milling. 

The surface modifier. H it was not present in ttie premix, must be added to ttie dispersion after attrition 
in an amount as described for ttie premix above. Thereafter, ttie dispersion can be mixed. e.g., by shaking 
vigorously. Optionally, ttie dispersion can be subjected to a sonication step. e.g.. using an ultrasonic power 
55 supply. For example, ttie dispersion can be subjected to ultrasonw energy having a frequency of 20 * 80 
kHz for a time of about 1 to 120 seconds. 

Th relative amount of dnig substance and surface modifier can vary wkJely and ttie optimal amount of 
ttie surface modifier can depend, for example, upon ttie partfcular dnjg substance and surface modifier 
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sekN^. the cntcal micaile concentratioa of the surface modifier if it torrw mjceOes. etc. The surface 
modrfier preferably is presem in an amount of about 0.1 -10 mg per square meter surface area of the drug 
sutetence^The surface modifier can be present in an amount of 0.1-90%. preferably 20«)% by weight 

based on the total weight of the (^.pvtidB. .-. .. ' ...... -J.. . 

As indicated by the foOowing examptoe. not every- «ombinalk» of siirfaM ^^>odfier"«id^4BQ si^^ 
provKles the desired results. Consequently, the applicantS"hawdevelopetf a simple screening process 
whereby compatible surface modifiers and drug substances can be selected which provide stable disper- 
swns of me desired particles, f^rst. coarse partides of a selected dnig substance of interest are disp»^ 

nvVS, r l^f" ^ "^"^ ^"^^ ""^ ^ 5% (w/w) and milled for 60 minutes in a 

DYNO-MILL under the standard milling conditions which are set forth in Example 1 which follows The 
milted matenal is then divided into aliquots and surface modifiers are added at concentrations of 2. 10 and 
50% by weight based on the total combined weight of the drug substance and surface modifier The 
dispersions are then sonicated (l minute. 20 kHz) to disperse agglomerates and subjected to particle size 
analysis by examination under an opticai microscope (1000 x magnification). If a stable dispersion is 
observed, then the process tor preparing the particular drug substance surface modifier combination can be 
optimi2«l in accordance with the teachings above. By stable it is meant that the dispersion exhibits no 
flocculation or particle aggtomeraton visible to the naked eye at least 15 minutes, and preferably at teast 
two days or tengar after preparation. 

The resulting dispersion of this invention is stable and consists of the liquid dispersion medium and the 
abovesJescnbed partictes. The dispersion of surface nwdified drug nanoparticles can be spray coated onto 
sugar spheres or onto a pharmaceutical excipient in a fluid-bed spray coater by techniques well known in 
the an 

Phannaceutical compositions according to this invention include the particles described above and a 
pharmaceutically acceptable carrier therefor. Suitable phannaceuticany acceptable carriers are well known 
to those skined in the art. These include non-toxfc physiotogically acceptable carriers, adjuvants or vehicles 
for parenteral injection, for oral administration in sofid or fiqukl form, for rectal administration, and the fike A 
method of treating a mammal in accordance with this inventton comprises the step of administering to the 
mammal .n need of treatment an effective amount of the above-descnbed pharmaceutical composition The 
sotected dosage tevel of the dmg substance for treatment is effective to obtain a desired therapeutic 
response for a particular composition and method of administratton. The selected dosage level therefore 
dej>8nds upon the particular drug substance, the desired therapeutk: effect on the route of administration.' 
on the desired duration of treatment and other factors. As noted, it is a particularly advantageous toatore 
mat me phannaceulical compositions of mis invention exhibit unexpectedly high bioavailabifty as illustrated 
in the examptes which toltow. Furthennore. it is contemplated that the drug particles of this inventton 
provWe more rapid onset of dnig actton in oral appfications and decreased gastric irritancy. 

If is contemplated that the pharmaceutfcal compositfons of this invention will be particularty useful in 
oral and parenteral, including intravenous, administration applicattons. It is expected that poorty water 
solubte dnjg substances, yrtifch prior to mis inventton, coukj not have been administered intravenously may 
be administered safely in accordance with this inventton. Additionally, dnjg substances whfch could not 
Tf'J**" administered orally due to poor btoavailabiOty may be effectively administered in accordance 
wim mis inventton. 

White applicante do not wish to be bound by theoretical mechanisms, it is beUeved that me surface 
modifier hinders toe ftocculation and/or aggtomeration of me parttotes by tonctioning as a mechantoai or 
stenc bamer between the partictes. minimiang me close, interparttote approach necessary tor aggtomer- 
aton and flocculation. Alternatively, it me surface modifier has tonic groups, stebilization by electrostefic 
repulsion may result It-was surprising that stebto dmg partictes of such a small effective average parttote 
size and free of unacceptabte contamination oouto be prepared by the memod of this inventioa 

The tollowing examples further illustrate the Invention. 

Exampte 1 • PVP Modified Danazol partictes prepared in a ball mill 

A nanopartfculate dispersion of Oanazol was prepared using a DYNO-MIU <Model KDL. manufactured 
by Willy A. Bachoffan AQ Maschinenfabrik). 

The fbltowing ingrediente were added to a glass vessel and agitated on a roller tor 24 hours to dissolve 
me polyvinylpyrrolidone surface modifier. 

Polyvinyipyrrolktone K-15 (made by OAF) • 98 g 

High purity water • 664 g 

Subsequentiy. 327 grams of dry powdered Oanazol was added to the above solution and roltod lor one 
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week. This step aided in evenly dispersing the Danazd in the surface nruxjifier solution, thereby reducing 

the treatment time required in the media mill. 

The Oanazol was purphased in: a micronized form (ayeraQe^^paftide size ol about-tO microns) from 

Sterling Winthrop Inc. The:paiifcfM had been prspafedby a convefitmnat^riel-nfifeg-te^ - 
5 This premix was added to a holding vessel and agitated With a conventionaJ propeller mixer at low 

speed to maintain a homogeneous mixture for the media milling event The media mill was prepared 

accordingly for the media milling process. The mill grinding chamber was partially filled with silica glass 

spheres and the premix was continuousfy recirculated through the media mill operating at the followina 

conditions: ^ 
10 Grinding vessel; water jacketed stainless steel chamber 

Premix flow rate: 250 ml per minute 

Available volume of grinding vessel: 555 ml 

Media volume: 472 ml of glass beads 

Media type: si^e range of 0.5 - 0,75 mm silica glass beads, unleaded (distributed by Glen Mills Inc ) 
'5 Recirculation time: 240 min 
Residence time: 60 min 

Impeller speed: 3000 RPM, tangential speed 1952 fl/min 

(595 m/min) 
Grinding vessel coolant water 
20 Coolant temperature: 50**F (10®C) 

After recirculating the slurry for 240 minutes, a sample of the dispersion was removed and evaluated for 
particle size distribution using a sedimentation fieW flow fractionator (made by OuPont). The particles were 
determined to have a number average diameter of 77.5 nm and a weight average diameter of 139.6 nm. 
The particle size of the dispersion ranged in size from 3 - 320 nm. 

29 

Example 2 - PVP modified Danazol particles prepared in a ball mill at tow solids . 

A nanoparticulate dispersion of Danazol was prepared using a ball mill process. A 600 ml cylindrical 
glass vessel (inside diameter » 3.0 inches (7.6 cm)) was filled approximately halfway with the foltowino 
00 grinding media: ^ 
Grinding media: zirconium oxide grinding spheres (made by Zircoa, Inc.) 
Media size: 0.85 - 1.18 mm diameter 
Media volume: 300 ml 

The following dry ingredients were added directiy to this glass vessel: 
3S Oanazol (micronized): 10.8 g 

Polyviny lp yrrQlidone Kos- 3 Pd q 
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High purity water 201 .96 g 

Oanazol was purchased in ttie micronized form (average partfcle size 10 microns) from Sterling 
Winthrop Inc. and tt)e polyvinylpyrrolidone was K-15 grade produced by GAF. 

The cylindricaJ vessel was rotated horizontally about its axis at 57% of the 'critical speed*. The critical 
speed is defined as the rotational speed of the grinding vessel when centrifuging of tfte grinding media 
occurs. At this speed the cenfrifugal force acting on tiw grinding spheres presses and holds them firmly 
against tiie inner wall of the vessel. CJonditions that lead to unwanted centrifuging can be computed from 
simple physical principles. 

After 5 days of ball milfing. the slurry was separated from the grinding media through a saeen and 
evaluated for particle -size with the sedimentation field ftow fractionator. The number average particle 
diameter measured was 84 J nm and ttw weight average partide diameter was 169.1 nm. The particles 
varied in size from 26 to 340 nm. The amount and type of surface modifier was sufficient to provide 
colloidal stability to agglomeration and to maintain a homogeneous blend of Ingredients assuring precise 
so material defivery during subsequent processing steps. 

BIOAVAILABIUTV TESTING 

Bioavailability of Danazol from the nanoparticulate dispersion described above was compared to that 
55 from a suspension of unmilted Oanazol in fasted male beagle dogs. The unmilled material was prepared as 
a suspension in the same manner as the dispersion, with the exception of the ban milOno process Both 
formulations were administered to each of five dogs by oral gavage and plasma obtained via a cannula in 
the cephalic vein. Plasma Oanazol levels were monitored over 24 hours. The relative bioavailabifity of 
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Darazol from me nanoparticiilate dispersion was \5J9 fold higher man from the Oanazol susoension 
«j^n.,jg Danazol particles having an average particle size of about 1 0 microns prepared by coSnSvI 
ZLtS-^rT"^ Of oral plasma levels with dose corrected ptesma JSZo^^i!^ 
admm«tratioo of Oanazol gave a fneM.a&oiut»-U6avaiIabiRty ft SENI^ 6^ a^:Ti'V^%'^i^9m•tiiK;^ 
bculate dispersion and 5.t t f :9*-torW»ifirffilI»material. ^ .w^ «n. nanop^.. 

Example 3 • PVP modified Danazol particles prepared in a ban mill at high soUds 

1 ,fll'^'^?t'^''f!,"°".*" ^ ^'^^ ^ ""^ '^'"^^^^ glass grinding media (.85 - 

1.18 mm from Potters Industnes). A cylindrical glass vessel having a diameter of 2.75 inches (7.0 cm wim 

we" J^eS to^is"!^.: °* ^'^ '"^"^ "'^^ ^ ''^^ "^'^^^ 

30.4 g of miaonized Oanazol 
9.12 g of Polyvinylpyrrolidone K-15 
1 12.48 9 of high purity water 

This vessel was rotated horizontally onlts axis at a controlled rotational speed of 80.4 revolutions oer 
l^JL^'J^"'. '* * ''"'^ immediately separated from me grinding me^ 

and e>«luated for particle size and grinding media attrition using inductively coupled plasma emissions 
(ICP). The particle size measured wim a sedimentation field flow fractionator yielded a number averaae 
diameter of 112.7 nm and a weight average diameter of 179.3 nm. The extent of media attrition w» 
measured to estabfish me purity of me final dispersion using an inductively coupled plasma-atomic 
emission spectroscopy method. The level of silicon in the final dispersion was less than 10 oarts of 
elemental siflcoo per million parts of the slurry. 

Example 4 • PVP modified Oanazol particles 

A nanoparticie dispersion of Oanazol was prepared for cflnical evaluation using a ball miUing dispersion 
metfiod. This dispersion was prepared by milling wim glass grinding media. The grinding media used was- 
Madia type: 0.85 • 1.18 mm unleaded glass spheres 
Media quantity: 6100 ml 

The media was added to a 3 gallon porcelain jar. The following ingredients were men added to the iar 
1000 g Oanazol (micronized) 
300 g Polyvinylpyrrolidone K-15 
3700 g high purity water 

The vessel was rolled 5 days at a rotational speed of 39.5 revolutions per minute (50% critical speed) 
The liquid slurry was separated from the grinding media wim a screen and used to prepare solid oral doses 
for clinical studies. The dispersion was assessed for particle size using the sedimentation field flow 
fractonator and was measured to have a number average diameter of 134.9 nm and a weight average 
diameter of 222.2 nm. The level of contamination from the grinding media was measured (by ICP) to be 38 
parts of silicon per million parts of dispersion. Less than 5 ppm of aluminum was detected. X-ray powder 
diffraction data of the starting powder was compared wim the dispersed Oanani and showed the crystal 
structure morphology of the solid dispersed particles was unchanged by the dispersion process. 

Example 5 - PVP modified Oanazol particles 

A nanoparticulate dispersion of Oanazol was prepared using a laboratory media min and glass grinding 
media. The media min was equipped wim a SO ml grinding chamber and me mill was a 'Mini' MotonnU 
manufactured by Eiger Machinery Inc. 
The media miB was operated at the following process conditions: 
Bead charge: 42.5 ml glass spheres 

Rotor speed: 5000 flPM (2817 feet per minute (798 mrtnin) tangential speed) 
Grinding media: 0.7S - 1.0 mm unleaded glass beads (distributed by Glens Mills) 

The dispersion formula was prepared by dissolving 27 g of polyvinylpyrrolidone In 183 g of water and 
agitated in a steel vessel wim a 50 mm "Cowtes" type blade until the solution was dear and free of 
undissolved PVP polymer. The rotational speed of the mixer was maintained at 5000 RPM 90 g of 
micronized Oanazol was slowfy added to this blend wim the same mixing lor 30 min. 200 cc of the prwnix 
was added to the hokfing tank of the mill and rearculated for 5 hours and 51 minutes. The final residence 
time in the grinding zone was 40 minutes. 
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the final average partcte size was measured and determined to have a number average diameter of 

ll "cTaSj; 7"^ "'"^^ if"*'' ''^-^ varied « Size fJT^^lTT^ 

level rt attntran from eroswn of the grinding media and grinding vessel were measued (by CP) to be 170 

Example 6 • Lecithin modified Steroid A pa rticles 

,0 hJl "^°Pf<^^^ of Steroid A was prepared by ball milling with zirconium oxide grinding 

»o beads. The d.spers.on was prepared in ihe absence of a surface modifier and a post addition LeS 
and a son.cat,on step were required to stabilize the dispersed phase of Sten,id A^ prevS^ aggST 
aton and rapid sedimentation. h^'^vwu ayymmw 

5 g SteJSdT''^^ dispo^ion of Steroid A was prepared by baJI milling the following Ingredients: 

'5 95 g high purity water 

in su?:S'o''aS'!;oS '"^ 'saving a particle Size Of about 100 am and ranging 

The following process conditions were used: 
20 Media: 135 ml 

Vessel volume: 240 ml 

Media type: 0.85 • 1.18 mm Zirbeads (manufactured by Zircoa Inc.) 
Milling time: 4 days 

Milling speed: 86 RPM (50% crfticai speed) 

After four days of ball milling the slurry was separated from the grinding media through a screen One 
gram of this unstabifeed slurry was added to 10 g of an aqueous solution of Lecithin (1% Centrotex 'P- bv 
weight tn high purity water. Lecithin manufactured by Central Soya Company. Inc.) and mixed by vigorous 
shaking, followed by a sonication step for 20 seconds using an ultrasonic horn (Model 350 BraiU)n 
UftrasonK: Power Supply, Horn Diameter » 0.5 inch (1.27 cm), Power setting = 2). The slurry was sized 
30 under a microscope. An Olympus BH.2 optical microscope equipped with phase contrast illumination was 
used to observe the size and condition of the dispersion, 

A drop of the above dilute slurry was placed between a microscope sBde and glass cover sfio and 
ot^en^d microscopically at high magnification (1.000 times) and compared to the shirry similarty diluted 
with water only (no surface modifier). The unmodified dispersion exhibited extensive partide agglomeration 
^ K K^""*^ ^ ^ unmodified dispersion was more than 10 microns and the unmodified dispersion 
exnibfted no Browni a n M o tion . B rown ia n mn tin n th ft o scillatory or i l g g li nQ mot i on Qxhi b ir ad ^X L, u 
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a liquid that fail in the size range of less than about 1 micron. The Lecithin modified particles exhibited rapid 
Brownian motion. The thus observed dispersion had the characteristics and appearance consistent witfTa 
^ H^^^.T^ ^""'^ Size of less than 400 nm. Furthemwe. it is expected that additional milfing would 
40 lead to further particle size reduction. ^ 

Example 7 « Alkyl aryl polyether sulfonate modified Steroid A 

Example 6 was repeated except that the Lecithin was replaced with Triton X.200 (manufactured by 
Rohm and Haas). Similar results were observed. 

Example 8 - Gum acacia modified Steroid A 

Example 6 was repeated except that the Lecithin was replaced with gum acacia (available from 
50 Eastman Kodak Co.) Similar results were observed. ^avaiwie trom 

Example 9 - Sodium latgyl sulfate modified Steroid A 

Ba^npte 6 was repeated except that the Lecmiin was replaced wi^ 
55 Dupond ME from OuPont Inc.). Similar results were observed. 

^^P*» ^0 • Steroid A modified with a dioctylester of socfium sutfosucdnic acid 
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Exampte 6 was repeated except that the Lecithin was replaced with Aerosol OT (availabte from 
Amencan Cyanamid ChemicaJ Products. Inc.). Similar results were observed, 

^P'^^^ • Steroid A modified wfth^attoefc cbpoly^ 6<hy<^d)»i^W-prcpyter» oa^ -.^ 

Example 6 was repeated' eicept that the Lecithin was repiaced with Pturonic F68 (available from BASF 
Corp.). Similar results were observed. 

&camplej2 > Steroid A modified with a block copolymer of ethylene oxide and propylene oxide 

T^^t^ <«spersion of Steroid A was prepared by ball milfing with anxnium oxide grinding 
media for 5 days. 70 cc of gnndmg media were added to a 11 5 cc vessel followed bv 
2.5 g Steroid A 
0.75 g of Pluronic F68 
46.75 g high purity water 

The resulting mixture was bail milled for 5 days at 50% of the critical rotational speed The final 
dispersion was separated from the grinding media and microscopically evaluated for particle size as in 
Example 6. The dispersion exhibited rapid Brownian Motion and no particles were larger than 1 micron 
Most partides were less than 400 nm. 

Example 13 - Lecithin modified Steroid A particles 

Example 12 was repeated except that the Pluronic F68 was replaced with Centrolex P. No particles 
larger than 1 micron were obsen/ed microscopically and most were less than 400 nm. 

Example 14 ■ Steroid A particles modified with a block copolymer of ethylene oxide and propylene oxide 

A nanopartojlate dispersion of Steroid A was prepared by a ball milling process. The folkjwing 
ingredients were added to a cylindrical 0.95 I vessel. The vessel was filled approximately halfway with the 
following grinding media: 

Grinding media: 0.85 - 1.18 mm diameter zirconium oxide spheres (made by Zircoa) 

The fonowing dispersion ingredients were added directly to the glass vessel- 
18 g Steroid A 

4.5 g Ruronic 1=68 (purchased from BASF Corp.) 
336.6 g high purity water 

Steroid A was purchased from Steriing Winthrop Inc. in the form of unmiiled tabular crystals having an 
average particle size of approximately 100 um. 

The vessel was rotated concentrically on its axis at 50% critk:al speed for 5 days. After this time 4 45 g 
ofPluronfc F68 was added to the slurry and rolled for 5 more days at the same conditkxw. The slurry w» 
then discharged and separated from the grinding media and evaluated for partk:le size using the 
sedimentation fieW flow fractionator. The number average partrcle size measured was 204.6 nm and the 
weight average particle size was 310.6 nm. The partfcle size distribution ranged from appfoodmatety 68 - 
520 nm. The dispersion was examined with an optical mfcnjscope. It exhibited excellent particle integrity 
free of flocculatwn and aggtomeratton. The dispersion particles exhibited rapid Brownian motion. 

BIOAVAILABILTTY TESTING 

Bioavailability of SlerokJ A from the nanopartfculate dispersion described above was compared to that 
from a suspension of unmiiled SteroW A (having an average particle size of about 100 um) at male beagle 
dogs. The unmiiled material was prepared as a suspension in the same manner as the dispersk)n with the 
excepton of the ball milTmg F^ocess. Both fomiulations were administered to each of five dogs by oral 
gavage and plasma obtained via a cannula in the cephafic vein. Ptasma Steroid A levels were monitored 
over 24 hours. The relative bioavailability of Steroid A from the nanopartk»ilate <£spersk)n was 7 1 fbW 
higher than from the unmiiled Steroid A suspenskm. Comparison of oral plasma levels with dose corrected 
plasma levels following intravenous administration of Steroid A gave a mean absolute bioavailability (t SEM) 
of 14.8 1 3.5% for the nanoparticulate dispersion and 2,1 1 1.0% for the unmiiled material. 

C^xnparative ExampI A 



10 



EP 0 499 299 A2 



boad'l "^'^^JLH^"^ ^ w» prepared usJng a bail miffing process with arconium oxi<Je grirKling 
boads^The dispo^wn was prepared in the absence of a surtace modifier and a post-sonication step was 
used to minimize flocculation and reaggregatioa « - »»» soniwwjn siep was 

95 0 high purity water ^~'^-~^.^r-' :^'i.v^ -^^ -^^~^^ -- 

The following process conditions were used: 
Grinding media: 135 ml 
Vessel volume: 240 ml 
10 Grinding media: 0 85 - 1 .1 8 mm Zirbeads XR 
Milling time: 4 days 

Miinng speed: 86 RPM (50% critical speed) 

After four days of ball milling, the sluny was separated from the grinding media Ihrough a screen One 

IZ^ ^^""^ """^ ^ '° ^ high'pun,7wa.er and^ ^TgcZl 

l"^*^^ step for 20 secorxls using an ultrasonic horn (Model asJ bZ^ 
Ultrasonic Power Supply. Hom diameter » 0.5 inch. Power setting - 2). The slurry was s^ urSeTa 

greater than 10 microns and exhibited no Brownian particle movement ^ 
Examples 15-49 
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T^le 1 Is a summary of additional examples of the invention. Each of the examples in Table 1 resulted 
in partdes having an effective average particle size of less than 400 nm. P« 'aoie i resulted 
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TABLB 1 



10 



1$ 



20 



40 





SnbfltAnpfi 


Iff/\tf4 4 ^4 




15, 


. anti«-inf laiautory 


^a nAnrf%vAffi 


51 PVP 


250 


SOB 


16. 


> astl^inf lanna^ory 


Sa nAnmvAfi 


31 F68 


267 


na 


17. 


• anti*iDf laimiatory 


^a 4 nrf^mA'^ h A/« 4 n 
w V xoauDi V w u ac XS 


11 F68 


228 


oa 


18 « 


Anti-inf laaonatory 




11 PVA 


331 


nm 


19. 


anti«lDf lammatory 


51 indoaethacin 


1ft PVP 


216 


Qia 


20 . 


anti-*inf lanoiatory 




11 7108 


235 


nm 


21. 


ant i-ihf laomatory 


3% WIH 63,394 




262 


rtm 


22. 


anti-inf laxmatozy 




^ ft Of a 

31 F68 


255 


nm 


23. 


anti-inflaicmatory 


3a WTn O lOJ 


i Aft mf a 

101 F68 


231 


nm 


24. 


antineoplastic 




It Crodesta 


-300 


nm 








F-110 






25. 


antineoplastic 




It Crodesta 


-300 


nm 








5L*40 






26. 


antineoplastic 




I ft M ^ A 

II F68 


-300 


ns 


27. 


antineoplastic 




It F108 


-300 




28. 


antineoplastic 


It etoposide 


1 ft AfWM MM*m4 a 

•Aft «|UB ACACXa 


-300 


ntn 


29. 


antineoplastic 




11 PVA 


-300 


na 


30. 


antineoplastic 


X « woaipxoxnecxn 




298 


na 


31. 


antineoplastic 




1.11 PVA 


236 


na 


32. 


antineoplastic 


It camptotbecin 




256 


na 


33. 


antineoplastic 


5t piposnlfam 


1.251 Crod.st. 


-300 


tlfW 








F-llO 






34. 


antineoplastic 


5t piposalfaa 


1.25% 9a .eaei. 


-300 


na 


35. 


antineoplastic 


5t piposulfaa 


51 PVA 


320 


na 


36. 


radiopharmaceutical 2.51 WIH 59,075 


3% PVP 


359 


na 



50 



59 
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fO 



IS 



20 



25 



30 



Drug 



Sarfac« 



37. diagn stle Imaging 10%. VIH a»9> r : 2% t90r-^ 

agent " 

38. diagnostic iaaging 20% WIH 8883 3.3% T908 

agent 

39. diagnostic imaging 20% wm 8883 

agent 



Particl 
SUft . 



180 xm 



40. diagnostic imaging 20% WIN 8883 

agent 

41. diagnostic imaging 10% WIN 8883 

agent 

42. diagnostic imaging 10% WIN 8883 

agent 

43. diagnostic imaging 40% WIH 8883 3.3% T908 

agent 

44. diagnostic imaging 10% WIN 8883 2% Tween 20 

agent 

45. diagnostic imaging 10% WIN 12^901 2% T908 

agent 

46. diagnostic imaging 20% WIN 12,901 3.3% T908 



3.3% T908 159 nm 

(isotonic phosphate 
buffered saline, 
pe- 7.4) 

3.3% T908 167 nm 

(O.lM phosphate 
buffer pH-7.5) 
1% SA90HC0 194 nm 

1% Tween 20 
1% SA90BC0 



193 



329 nm 



241 



238 nm 



289 nm 



agent 



47. diagnostic imaging 10% WIN 16,318 

agent 

48. anti-inflaanatory 3% ibuprofen 

49. anti-inflammatory 3% ibuprofen 



(phosphate 

buffer, pB«6.5) 

2% Tveen 8 0 219 



2% P68 
2% F68 

i±n O.IH BCl) 



•250 nm 
-375 nm 



so 
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These examples demonstrate that the wet grinding process of this invention is broadly appTicable to a wide 
variety of classes of poorty.solut)ie drug substances including steroids. antWnftemmatory agents, an- 
tineoplastic agents, radiophamwceuticai agents and diagnostic imaging agents having radicairy dHTerent 
chemical structures. Additionally, these examples demonstrate that the invention can be practiced in 
conjunction with a variety of surface modifiers and at a variety of surface modifier concentrations. 

Furthermore, laboratory work has demonstrated that particles prepared according to this invention have 
exhibited a variety of unexpected properties, particularly with respect to increased bioavailability. For 
example, as described above, phamiaceutical compositions containing Steroid A and Danazol according to 
tills invention have unexpectedly exhibited 7 and 16 fbW increases in bioavailabiGty compared to disper- 
sions prepared by conventional techniques. Aqueous dispersions of WIN 63.384 prepared according to this 
invention resulted in an increase in bioavailability of 37-fold when compared to a conventional dispersion of 
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riS'^s'lTiS'S^nr* '^"S'^**^ a» a dose of Smg WIN 83.394 per kilogram of body weight 

analyzed by HPLC for WIN e3.»4 conwntratoos. The. relative NoavaflabflWes were calculafetf from tte 
area tmder the c»v for concertfratldn; versfe- 

me^^^merapeutK: effect ae substantially greater dosages of drug substance, prepared by 

,i„ J" compositions containing particles of this invention have exhibited improved 

^^nSL^?^ • resulted in nnxe rapid onset of action com^2 

S^^ndTri"^; T*^'! <" *e particles of the inveS 

nave oeen found to be extraordinanly useful in x-ray contrast compositions. 



Claims 
1. 



4. 



Particles conjsting essentially of a crystalline drug substance having a surface modifier adsorbed on 
SSJi^W^nT' otle^tZ 

The particles of claim 1 having an effective average particle size of less than 250 nm. 
The particles of claim 1 having an effective average particle size of less thanlOO nm. 

^ir^^!^^ ' '^"^ substance is seleaed from analgesics, anti-inflammatory 

agents, anthelmintics, anti-arrhythmic agents, antibiotics, anticoagulants, antidepressants antidiabetic 
agents, antepiteptics. antihistamines, antihypertensive agents, antimuscarinic agents, antimycobacterial 
agents, antneoplastic agents, immunosuppressants, antithyroid agents, antiviral agents, anxiolytic 
sedatives, astnngents. beta-adrenoceptor blocking agents, blood products and substitutes, cardiac 
suppressants agents, contrast media, corticosteroids, cough suppressants, diagnostic agents, diagnos- 

<*«P«"'"9'9'«' haemostatics. Immunologteal agents, lipid reguLing 
agents muscte refc«ants. parasympathomimetics, parathyroid cateitonin and WphosphonatS. 
tagtendins. radioiDham,aceuticals. sex homiones. steroids. antl-aJIergfe agent8.^iSte 
oretics. sympathomimetfcs, thyroid agents, vasodilators and xanthines. 

H^.^'" ^ *^ substance is selected from an antiviral agent an antl- 

mftemmatory agent, an antineoplastk: agent, a radiopharmaceutfcal agent and a diagnostic imaging 

r^r^f ^ ' '^^'^ ""^ substance is selected Irom the group consisting of Oanazol 
tothean. and ethyl-3.5Kfiacetamido-2.4.8-trik)doben2oalo. 

^' °' ^ « from the group consisting of gelatin. 

^^L^^^ Cholesterol, tragacanth. stearic acid, benzalkonium chkxSe. Sdum 

rtearate. gly^nrt mooostearate. cetostearyl alcohol, cetomacrogol emulsifying wax. sorbitan esters. 
SIT* JSTi?^ f^' ^"^^y^ ««« 0" <te'<vatives. polyoi^tfjlene sorbitan fatTS 
ejws^ofyemytene glyc^^ polyoxyethylene stearates. collokM sificon dk»dde. phosphates, sodium 
dodecylsulfate. caAoxymethylcellukjse catoum. cartwxymelhyteellutese sodium ^ethvhUoutos. 

2L'^p«H.y.«-h.k«e^hyd«^ 

!*JiS!' Wetftanolamine. polyvinyl alcohol, polyvlnylpyaolidone. an 

SursuttS^tS."^ ^ '^'^ ^^onTZTSU^" 



based on the total weight of the dry partide. 

r^^2^**^^I[?^J? *^ ^ consisting essentially of crystalline Oanazol having polyvinyl pyrrolidone 
adsort)ed on the surface thereof in an amount sufficiem to maintain an effective average partide size of 
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less than 100 nm. 

^rS^^lS'"^ ^ Propylen^xide block ^SSed^l^ 

^ hereof .n an amount sufficient .0 mainta-n an effective average partcHTil^'^ 

ci^l'lT""^ "^""^^ °' ' ^ 0' one of 

1i The dispersion of claim 1 1 wherein said dispersion medium is water. 

" s^or^rr;.!i:LiTs^^^ ^^'-^ - ^ c«^.^ of 
^HeT^c^rr^or""'''"'^ '^"^ °' ^ °' » p^--«- 

IT.'!^* T""^ ' ""^"^ comprising the step of administering to the mammal an effective 
amountof the pharmaceutical composition of claim 14. » «»"ovovw 

16. A method of preparing the particles of claim 1 comprising the steps of dispersing a drug »,t«tance in a 
hqu.d dispersion medium and wet grinding said drug substance in the presence of rigi^grinding medi^ 
teving an av^age partcle si« of less than 3 mm and a surface modifier to reduceTe Jartc^J^fS 
said drug substance to an effective average particle size of less than about 400 nm. 

°' ^^^^2^ ' comprising the steps of dispersing a drug substance in a 

hquKJ dispenaon medium, wet grinding said drug substance in the presence rS^griS^eSla 
H""^^ 3 and thereafter contacting said doTsuteS w^a 

an effective average particle size of less than about 400 nm. t««uc>«s naving 

^^T^ °* ""fil" the step Of subjecting the dispersion medium containing said 

dmg substance and said suifa» modifier to ultrasonic energy. "-ning saw 

The method of clai m 17 or 1 8 wh o f o in s ai d grinding m e di >4« v e a densit y g r eat w il mn 3 g/cm». 



2a The method of claim 1 7 or 18 wherein said grinding media have an average partide size of less than 1 
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